Image enhancement, as a means of digital image processing, often is fuzzy. Based on defects of excessive enhancement and insufficient detail enhancement existing in the traditional image enhancement method, this paper proposes a self-adaptive image enhancement method based on variable fuzzy sets, and such method can, according to the image's gray-scale properties, introduce the relative gray-scale level of the pixel as the fuzzy feature, and adopt the improved membership function to conduct the fuzzy enhancement, thus avoiding the loss of a great deal of gray-scale information after the enhancement. The paper also introduces the selection of optimal parameters, ensures the quality of the image enhanced and improves the feasibility and efficiency of this algorithm. This algorithm, on the basis of keeping the image's original brightness, enhances the image details at the same time. Experimental results show that such algorithm can obtain good visual effect and more obvious detail information.
INTRODUCTION
In the process of collecting image, such image's transmission and transformation as imaging, copying, scanning, transmission and display, etc., often cause the loss of image quality. In the process of photography, due to insufficient or excessive light conditions, the image looks too dark or too bright. The distortion of optical system, the relative movement and air flow can also make the image fuzzy, and various types of noise will be introduced in the process of transmission (Nijad and Mariam, et al., 2015) . The image enhancement, by selectively emphasizing certain information of the image to inhibit other information, improves the image visual effect, and converts the original image into a more suitable form for the human eye observation and computer analysis. Due to the image enhancement problem is universal, the study of image enhancement algorithm becomes the steady research hot topic in image processing field, and is also one of key technologies promoting such fields as the image analysis, image recognition and machine vision, etc(S.C.F. Lin and C.Y. Wong, et al., 2015) .
Image enhancement technology is the precondition and guarantee of image recognition, playing an important role in improving the image quality. The fuzzy theory develops based on mathematic basis of the fuzzy set theory founded in 1965 by Lotfi A.Zdahe professor of University of California in the United States, which mainly includes the fuzzy set theory, fuzzy logic and fuzzy reasoning, etc. J.M.B.Prewitt firstly pointed out in 1907 that the image subset representing objects can be seen as a fuzzy set, and this is one progress towards the image fuzzy understanding at the first time. A.Rosenfeld extends the concept of image geometry to the fuzzy geometry. S.K.Pal etc. put forward the new algorithm of image enhancement and image segmentation Lluís and Siegfried, 2015) . In recent years, many scholars are devoted to introduce the fuzzy set theory to the research of image processing and recognition technology, which achieving remarkable results. Their research results show that the image processing technology based on fuzzy set theory, to a certain cases, has better results than traditional methods. However, the application of the fuzzy set theory to enhancement processing of images with different properties has no definite standard or method. Now, the selection of membership function principles in terms of specific images still lacks the breakthrough progress (Raúl and Pedro, et al., 2015; Chunyong and Bao-qing, 2015) .
This paper firstly makes a deepened analysis of traditional image enhancement methods and points out the limitations, then the thorough discussion of research results of the fuzzy sets is of carried on, and on the basis of this, the fuzzy relation and fuzzy matrix is also studied. On the basis of these studies, this paper puts forward the image enhancement algorithm based on variable fuzzy sets model. Finally, experiments show that such algorithm is effective.
IMAGE ENHANCEMENT
Image enhancement technology is mainly divided into two categories: frequency domain enhancement method and spatial domain enhancement method. Frequency domain enhancement method mainly bases on the image spatial domain information, namely, the information of the image itself, which mainly uses all kinds of frequency domain filters for image smoothing or sharpening processing, then enhances the image by inversely transforming the transformation domain. Such method directly processes pixels in the image. Based on the image Fourier transformation, the spatial domain enhancement method directly processes the image gray scale in terms of pixels in the image, and enhances its frequency component, and then Fourier inverse transformation is proceeded to acquire the enhanced image(Renaud and Adrian, 2015).
Frequency Domain Enhancement Method
By adopting such transformation technique as Fourier transformation, the frequency domain method uses the digital filtering method to modify the image spectrum and then carry out the inverse transformation to acquire enhanced images. The speed of the signal change is related to the frequency of the frequency domain. Noise, edge and jumping part represent the image's high-frequency component, and the background region and slowly varying section represent the image's low-frequency component. It can also be shown in the mathematical form: frequency domain function is multiplied by the transfer function H   , uv , namely,
Then adopt the inverse transformation to acquire the enhanced image g   , xy .
Obviously, the processed image   , g x y is even more prominent in some ways when compared to the original image   , f x y . For example, the emphasis on the low-pass filtering of low-frequency component will make the image get rid of high-frequency noise and realize smoothing results; instead, the emphasis on highpass filtering of the high frequency component will make the image edge enhanced, thus achieving the effect of sketching the profile.
The commonly used frequency domain methods are low-pass filtering, high-pass filtering, band pass and band-stop filtering and homomorphic filtering. Main steps of frequency domain enhancement are to calculate Fourier transformation of the image to be enhanced, and then multiply Fourier transformation by one transfer function (according to design needs), and then carry out Fourier inverse transformation to gain the enhanced image (Alex and Christos et al., 2014; Ying and Jie, et al., 2014) . Figure 1 is ideal low-pass filter effect. In contrast to low-pass filtering, the high-pass filtering sharpens the image. Common high-pass filters are ideal high-pass filter, Butterworth high-pass filter, Gaussian high-pass filter and Laplace operator of frequency domain.
Spatial Domain Enhancement Method
Spatial domain enhancement method is one method directly enhancing. It includes the extension of the gray-scale transformation and histogram transformation of the contrast degree, elimination of the noise smoothing and the enhancement of edge sharpening. Spatial domain filtering is the enhancement method based on the neighborhood processing, and it applies to one certain template in carrying out one certain kind of mathematical operation towards each pixel element and all pixel elements neighboring so as to new gray-scale value of such pixel element. The size of the new grey-scale value is not only associated with the grey-scale value of such pixel element, but also with the grey-scale value of pixel elements neighboring. Spatial domain processing can be described by the following formula:
In which,  
, f x y is the input image,  
, g x y is the processed image, and T is a kind of f operation and its definition is in the neighborhood of   , xy . According to T difference or the operation difference, the neighborhood average is one spatial domain technique to eliminate the image noise, and the size of the neighborhood usually is 3×3 or 5×5, etc, sometimes such size can also take greater neighborhood. For certain types of noise in the image, the application of neighborhood averaging method can effectively remove, but, in removing noise at the same time, the neighborhood averaging method also tends to cause the image edge blurred (Bhandari and Soni, et al., 2014) . The following Figure 2 is effect by adopting neighborhood averaging method of spatial domain method. Fig. 2 , the processing in certain neighborhood is the image pixel value in the operating neighborhood and corresponding sub-image value with same dimension value as the neighborhood. These subimages can be called the filter, mask, nuclear, template or window.
IMAGE ENHANCEMENT BASED ON VARIABLE FUZZY SETS

Fuzzy Relation and Fuzzy Matrix
Human's vision is fuzzy to the gray-scale level of the image from black to white, and human is difficult to accurately distinguish such gray-scale level. This leads to such definition as image edge, image region and image texture etc. and the ambiguity existing in the interpretation of the image low-level processing results. Therefore, because of the complexity of the image itself, uncertainty and inaccuracy, namely, the fuzziness, may occur in different stages in the processing (Sanjay, 2015) . Suppose U is a universe, and one mapping   is termed that u belongs to the degree of the fuzzy subsets A , shorten as the degree of membership. The fuzzy sets A in universe U is generally written as:
For the limited universe U , it even can also be represented as:
Fuzzy set can be used in the uncertainly defined case that whether the element belongs to or does not belong to a certain set. As a result, the membership degree of one element belongs to one set can be considered. The membership degree can be valued from 0 to 1. When
 
A u  approaches 1, it means that the degree that x belongs to A is high; when   A u  approaches 0, it means that the degree that x belongs to A is low (Abdenour and Karim, 2015; Hai-Long and Xiuwu, 2015) .
In fuzzy set theory, fuzzy subset is used to define fuzzy relations and fuzzy matrix to represent the fuzzy relation matrix. One fuzzy subset R of 12 ... 
is the relative membership degree of A  , c A  .
(2) Fuzzy variable recognition model According to variable fuzzy set, the relative substandard membership degree matrix and relative optimal membership degree matrix are respectively: (Sarah and Francisco, 2013; G.A. and A.G. et al., 2013) .
Self-adaptive Image Enhancement Based on the Fuzzy Variable Recognition Model
First, we assume that X represents a pair of gray-scale images with L levels and the size of MN  , and mn x represents the pixel gray-scale value at the point ( , ) mn in image X . The definition of () 
The above 0  and 1  can be seen as the target value of corresponding foreground and background of specified threshold value. While, the relation between one certain point in image X and described area should be associated with the difference between the level value of this point and the target value of the subordinate area on intuition. Therefore, for point   , mn , we propose the following membership defined function. 
In which, P is a constant which makes   [0, 1] x mn x   and  is the given threshold.
EXPERIMENT AND RESULT
Evaluation Criterion of Image Enhancement
The evaluation of the result of image enhancement is a highly subjective process and it is very difficult to perform quantitative evaluation on the histogram. This paper mainly focuses on the visual effect of the equalized image and both absolute mean bright error (AMBE) and discrete entropy (DE) are used in the quantitative evaluation. AMBE refers to the absolute value of the difference between the average brightness of the enhanced image G and that of the source image F, namely
A smaller AMBE suggests that the enhanced image preserves a better brightness. DE mainly measures the detail information in the image with the following definition.
In the above formula, () i dh represents the probability density of the gray level i h , a large DE indicates more image details.
Experiment Results
This section compares algorithm of this paper with traditional histogram equalization and double histogram equalization, and performs quantitative evaluation on the enhancement result with AMBE and DE as the evaluation criteria. The test images used in the experiment are shown as follows. It can be seen from the enhancement results from Fig.4 to Fig.6 that different enhancements methods have different enhancements visual effects compared to the original image in Fig.3 , improve the image contrast and highlight the image details. In the experiment result, traditional histogram equalization method still has relatively concentrated gray level after the image enhancement, as evidenced by the image details in the darker regions submerged, double histogram equalization method has larger fluctuations in the dynamic range of gray level in the enhanced image and the method of this paper not just increases the image contrast, but also highlights the image details in the darker and brighter regions. In a word, it has a better overall visual effect than that of the method of traditional histogram equalization and double histogram equalization. The statistical results of AMBE and DE in the experiment result are shown in Table 1 and Table 2 . It can be seen from Table 1 and Table 2 that the method of this paper is bad in processing Root and it has excellent effect in Nature and Lena in terms of the statistical result of AMBE of these three enhanced images and regarding the statistical result of DE, the method of this paper is better in processing these three images than traditional histogram equalization and double histogram equalization. From the perspectives of the qualitative visual enhancement effect and the statistical results of AMBE and DE, the experiment proves that the method of this paper is a feasible image enhancement method.
CONCLUSIONS
In image processing, there exists fuzziness when defining such image characteristics as the boundary, area and texture etc. and the explanation of the image underlying processing results has ambiguity. Therefore, the use of fuzzy information processing technique in image processing has its inherent rationality and inevitability. This paper, aiming at the existing defects of traditional methods in image enhancement, proposes a variable fuzzy sets method. The experimental results show that the algorithm can not only subjectively acquire very good visual effect, but also has a very good index and performance in terms of the objective evaluation.
